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論文内容要約 
With the aim of designing novel kinds of CeO2-based nano-catalysts and solid electrolytes, the atomic scale investigation of structural and 
chemical properties of CeO2 nanocrystals is essential. Therefore, advanced characterization methods, including transmission electron microscopy 
(TEM), scanning transmission electron microscopy (STEM) and electron energy loss spectroscopy (EELS) are utilized to obtain the fundamental 
understanding on the intrinsic features of CeO2 nanocrystals. 
The direct characterization of organic surfactant on CeO2 cubic nanocrystals (cNCs) is achieved by using the state-of-the-art aberration corrected 
STEM imaging and EELS techniques. The different surfactant density at the main facet of {100} and the edge of {110} provides the direct 
experimental evidence that surfactant molecules preferred to bond on the surface of {100} facets during the formation of cubic CeO2 cNCs. In 
addition, the STEM parameters are optimized for the direct imaging of single molecular chain of surfactant on CeO2 cNCs. Such direct 
characterization of organic surfactant molecules on the surface of CeO2 NCs provides a basis for the further investigation of the interface chemistry 
between the inorganic nanocrystals and organic surfactant.  
The distribution of Ce valence states in these CeO2 cNCs are investigated layer-by-layer by using STEM-EELS. The results have shown that a 
large number of Ce3+ cations exist not only in the surface layers, but in the central atomic layers of smaller CeO2 cNCs (5.4 nm), which is in contrast 
to those in larger NCs (9.7 nm). The lattice parameter increases with the reducing of particle size of CeO2 cNCs and the expanded lattice further 
facilitates the formation of oxygen vacancies (Vo). As a result, CeO2 cNC with a size of 5.4 nm contained a high Ce3+ cations concentration of 
53.7%, which should be responsible for the outstanding oxygen storage capacity (OSC) of 258.7 μmol-O g-1 even at a low temperature of 250 °C.  
Moreover, the effect of Cr dopant on the formation and distribution of Ce3+ inside the CeO2 cNCs is investigated. The dopant existence in CeO2 
cNCs is confirmed by STEM-EELS, showing an average Cr amount of approximately 3%. Obviously, an increased amount of Ce3+ cations are 
detected in the central atomic layers of the Cr-doped CeO2 cNCs, especially for size larger than 7 nm, which shows the quite large increment 
comparing to the non-doped CeO2 cNCs. Therefore, the increased Ce3+ in Cr-doped CeO2 cNCs is responsible for the improved OSC performance 
comparing to the non-doped CeO2 cNCs.  
The atomic scale investigations in this study help to understand the formation of the cubic CeO2 nanocrystals by surfactant modification, the 
effect of particle size and the Cr dopant on the distribution of Ce3+ inside the CeO2 cNCs, which provides a basis for understanding of the intrinsic 
features inside the CeO2 nanocrystals and the critical guidance for the fabrication and design of novel oxygen storage materials which hold 
substantial promise in various industrial applications.  
